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CHANGES OF THE E. E. G. OF THE HIPPOCAMPUS IN 
EXPERIMENTAL CEREBRAL COMMOTION 
TsuToMu HosoNo 
From the 1st Surgical Division, Kyoto University Medical School 
(Director : Pref. Dr. CmsATO ARAKI) 
After a head injury, even when there is no objective sign of disturbed consci” 
ousness, complete subjectiYe amnesia for a certain period after the accident sometimss 
occurs, and seemingly well organized behaviors during this period have been expla-
ined as nothing but automatism 同＇some scholars. 
The author made the following experiment with the hypothesis that the 
phenomenon is due to impingement on the cerebral limbic町stem.
Adult cats were made transientl：γcomatose bγblank shots from an air gun. 
Electroencephalograms of the cerebral surface and the hippocampus were recorded 
and the postural reflex, noci reflex, respiration and reaction to sound stimuli were 
observed for about one hour before and after the coma. 
The concussion trauma was given by boring a hole 1 cm in diameter through 
the skull in the parietal r -:gion, exposing the dura and firing a blank shot from 
an air gun with the muzzle held directl~· on the dura in such a ＇＇’a~· that the 
direction of the shot was perpendicular to the dura, according to the method of 
NAGASAKI (Surgical Dept., Kyoto Univ.). The energy of this impingement was 
calculated to be about 30,000 erg (MATSUMOTO, Surgical Dept., Kyoto Univ.). 
At the time of the shot, an~＇ apparatus was not used to fix the head of the 
cat, so that the cat could move its head freely. 
The absence of a noci reflex in the ear lobes n’as taken as a criterion of coma. 
When coma appeared after the shot, generally suspension of respiration, absence of 
noci reflex in ear lobes and absence of corneal reflex occun℃d in this order; then 
there wa日 an:;sumption of I℃spiration, followed by a return of the noci reflex. and 
then the corneal reflex. 
The examination of the noci reft仁xin the ear lol陀メ wa日【loneso strict］~· that 
even the slightest reaction was recorded as positive. 
Stainless steel of good qualit~· was used for the electrodes. Screws 2 mm in 
diameter with sharp］）’ ta perecl tips, ＂℃re used as surface electrodes. Theγ ＼＼℃re 
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screwed in through the skJ_l so that the tips ¥'ETC touching the~ dし•rn. Son stainles 
steel ¥'.・ires (S. W. G. Ko. 35) were uscrl as hi11prたれrnpus ekcti-;)rles. Enamel was 
u刈dfor the in日ulatcr・ Thetip or thi日clcctrndcwa日 taperedand cxpo.;cd for 0.5 
mm. The elcctrndc ¥i.・as prcpar℃d in a 叩ccialfacto1下・ SJrfac-: electrodes were 
inserted on the sen日or「motorarea; hippocampus 仁川・trLdcs・wcr℃ i 1 sc rtcrl in the 
ycntral hippDe<tl11Jh!S. (.¥nt. 6 & 8, Lat. 10, ¥'crt.-6). Dental c仁rnrnt¥¥as used to
fix the electrodes to the skull. The仁Jedrodes were 4 mm apart on the surface and 
2mm in the hippricampus. 
It〕t'.:n:lctr<1r1c1℃日istanccsin Yivo w仁l℃ 15k、 betweεn the surface electrodes 
and 50 k'.1 l〕こ1；で℃こnthe hippocampus electrodes. ！句urE. E. G. leads ¥'.・ere passed 
uncl巳1・the scalp and attached to a connector 日日tu1℃dto the nuchal region. Opposite 
to the side on which thcsc electrodes ¥1.℃I ・c I日ricd,a hole 1 cm in diameter was 
made through the skull and the rl、1_ra℃X]lO日edin the parietal region. The skin was 
temporarily sutured and animals were left for・4-5da：、suntil the.¥・ rεcoven＇〔lspirits 
so as to take f＜〕ml. Then thev were put in a room shieldt:d from electricity. The 
cxtrcmitic片＼＼℃refixed but the head wa日leftfree and an air shot wa日gi¥'en direc司
tl ,. owr the dura. 
Supplementary experiment : 
In the earl> -to司middlestage of coma, iTspiration cea此 dfor 1 Li minutes. An 
additional experiment was performed to determine how much effect this respiratory 
an℃日twould haYc on the electroencephalogram, aside from the effect of head injury. 
人 tracheotomywas performed on a cat. Through an intratrachεal伺 nula,
positive pressure artificial respiration ¥ms carried out, 3 mg of amerizol (two ampules 
each) was given intra ¥'Clouslγ，and when the 1℃日piratorymuscles ＇℃ I℃ completely 
paralyzed, artificial I℃spiration was discontinued and E. E. G.’s of the surface and 
hippocampus wεre recorded. Though, two min'1tes after the suspension of respira・ 
tion, surface and hipp:ica川 ]Yclselectroencephalograms disappeared, it wa日confirmed
that if artificial respiration is given at this point, electroencephalogram recovery 
will appear immediately. 
Result：メ and〔Ii日Cd州ion: 
It is well known that the叫 lclS hippccampi will produce a pattern in the E. 
E. G. which is called the seizure discharge, when an electrode is in日crt仁donl,¥' once, 
or when h.\-1訂正l~·cemia occurs or ¥1:hen hypertonic saline solution is injected into the 
carotid art巳ry. That is, the hipJひcampusha日 a lower threshold for the seizure 
discharges than an~ァ other portion of the brain. 
Since the hippocampus is sensitive to mじha11icaltr乱c1!1la,it is considered that 
it ma≫ be the first area to be injured in cerebral concussion. This cxp~rimcnt was 
can句ieclout under the hypothesis that post-traumatic amnesia may bs due main！）’ 
to injury of the hippocampus. lI<m℃V仁r,in the present cxncriment onb-one oLJt of 
thirt~・ cats of experimental ccrc l ,ml commotion 日hO＼＼引1 clifinitc 日rjz~rrc discharge 
from the hippocampus. 
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The surface electroencephalogram 01・ these cats rL1ring coma changed to rather 
slow waves with low amplitude (flattening) and such a change was ohscrvαl for 
a period of time ti＼ァicethe duration of the c;mia. in most cases, the flattening 
wa日 moderatein degree, licit occasionally ci:mpletc. 1¥Ctcr this period c「flattening,
a stage of largこslowwaye日 appearedand lasted for 7 10 minutes ; then the E. E. 
G. returned to almost the pre司comapattern. There was no change in the E. E.G. 
immediately af'tcr the suspension of respiration, and after 20 seconds low amplitude 
was observed without any apparent chan広ein f1℃〔1uenc~· ・ Th仁refore the change of 
surface E. E. G. immediately after the shot wa日 notclue to apnea. The flattening 
of the surface E. E. G. after the onset oC coma wa日 moreevident after 5 to 10 
minutes in most cases. Apm:a lasted on ！~’ 1.5 minutes after the shot and in the 
supplementary experiment it was proved that after respirator~’ suspension for up 
to two minutes the E. E. G. recovered immediately. Therefore this日atteningwa日
as円＞＇、
The hippocampus E. E. G. of cats during coma after the shot sho＼＼℃cl low 
amplitude to s nne degree in al cases, and in no case ＂’as increased amplitude obs-
erved. A tendencJァtowardsslow n引＇eswas ob問rvα！. No high frequency immed-
iate!J’ after the shot was noted. Howewr, when the noci reflex became positive, 
especially when it became more apparent in quantity, about 100μ V high frequency 
patterns which are not enough to be called seizure discharges but similar to them, 
appeared for 10 20 seconds in several cats. In the:->e, flattening of 1γaves was 
observed in most of the surface E. E. G.'s. Following this period, the hippocampal 
E. E. G. bccame closer to what had b2巳nbsfore the shot. In one case, the hippo-
campal discharge appeared in the stage of the above mentioned high frequencyア
pattern and lasted for 30 seconds. 
Conclusion : 
Air gun blank shots m’εre given directly over the dura to put cats into trans-
ient coma, and changes in the surface and hippocampal E. E. G.’s ＼＼℃rs studied. 
There was no more apparent change in the hippocampal E. E. G. than in the sur-
face E. E. G. Therefore, in this experiment, there was no electroencephalographic 
evidence indicating that the hippocampus is the most sensitive area of the brain in 



































































































































海馬脳波は射恰i乏ItSOuV, 4 c p只 の徐波が昏睡中
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Fig. 2の 1 Coma 1 L2min. after the air-shot 
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Fig. 3のI Coma !}2 min. after the air-shot 
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Fig 5の 1 Coma 4 min. after the air-shot 
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Fig. 7の 1 Coma 5 min. after th2 ~ir-sh ·; t 
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Fig. 9の1 Artificial apnea on the curarised cat 
artificial respiration was ceased 15 min. after the i. v. injektion of 6 mg. amerizol. 
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Fig. 10のa Re-institution of artificial respiration after 2' riln. durntion of 
induced apnoe on the curarised cat 
(E. E. G.appeared on re-instiution of artificial respiration as Jong as 
the duration of induced apneo was within 1 min. to 2 min.) 
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坦化が続き3 全く平坦化してしまうこともあるがp 或 2 分を越えることはないのに，守；乍昏：~r~授に出る張
る程度の平坦化で終る場合が多い．この時期を過ぎる i'<i;1xの、ド.t[lfじは射撃後大略5分～10分頃に著明に出現
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